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Abstract 
The evaluation of pressure forces on the tank body has been obtained by using one-dimensional wave equation. The liquid pressure forces 
on the tank body caused by hydroimpact have been calculated. The computation of stress distribution for partitions of various 
configurations has been done. The computational results for the proposed 3 mm wavy partition (1 mm thinner than the existing one) have 
shown the decrease of the maximum stress in it compared with other ones. The positive effect of the existing partition replacement on the 
waved baffle is explained. 
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Nomenclature 
c wave propagation velocity of (m/sec) 
CT Tate’s constant 
l tank length of (m) 
n ratio of the adiabatic 
p fluid pressure of (Pa) 
p0 initial fluid pressure of (Pa) 
s parameter of the Laplace transform 
t  time of (sec) 
Yx perturbation of the fluid velocity projection on the x axis of (m/sec) 
U liquid velocity Yx image  
x longitudinal coordinate of (m) 
Greek symbols 
ȡ fluid density of (kg/m3) 
ȡ0 initial fluid density of (kg/m3) 
* Corresponding author. Tel.: +37529-831-14-29; fax: +375232-77-44-83. 
E-mail address: tm.belsut@gmail.com.
Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd.Selection and/or peer-review under responsibility of the Branch Offi ce of Slovak Metallurgical Society at 
Faculty of Metallurgy and Faculty of M cha ical Engineering, Technical University of Košice Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
608   A. O. Shimanovsky et al. /  Procedia Engineering  48 ( 2012 )  607 – 612 
1. Introduction 
After some time of tank operating the cracks begin to appear at the joints of the tank walls with the baffle. The case when 
the cargo is merged from one part of the tank and the second part of the reservoir filled is considered as one of the reasons 
leading to this effect. If the tank sharply brakes the hydroimpact appears because of the compressibility of the liquid and as 
the result there is a significant short-term increase of liquid pressure on tank walls. In order to determine the possible causes 
of cracking and find the most appropriate type of the partition the computer program models designed to find the stresses in 
reservoir walls for three cases have been developed: with a plain solid partition; the baffle currently produced at Grodno 
mechanical plant (GMP) and waved partition with a sinusoidal shape. 
2. The forces acting on the tank reservoir caused by liquid motion while tank breaking  
The hydroimpact in tank reservoirs particularly occurs when the vehicle speed rapidly decreases, e. g., the emergency 
braking or stopping because of the collision of cars. It is accompanied by a sudden stoppage of liquid mass and rapid 
pressure increase along the tank reservoir [1]. 
To calculate the liquid pressure forces on the tank body caused by hydroimpact it is necessary to take into account the 
liquid compressibility. The process of liquid stopping will evolve over time as follows. Firstly liquid layers adjacent to the 
tank front bottom stop, and then - the next layers down to the rear of the reservoir bottom. Due to the loss of kinetic energy 
into staying liquid layers the pressure significantly increases. Actually, this liquid pressure increase is called hydroimpact. 
Then high pressure area extends along the tank body, and gradually covers the entire area occupied by the stopped liquid. 
In the future, due to the pressure drop liquid starts to make oscillatory movements inside the reservoir. The amplitudes of 
these movements can be quite large. But at the same time, due to internal friction in the liquid relative amplitude of the 
liquid velocity and pressure might not exceed the values observed in the initial phase of the tank stopping. Wave reflection 
from the free surface also leads to the liquid pressure amplitude decrease in [2]. 
Taking into consideration the tank body deformation caused by the action of hydrodynamic forces leads to some wave 
front smoothing. This reduces the extreme values of pressure. 
The above description of the waves propagation in the inhibited capacity can lead us to a settlement scheme of the tank 
filled up to the top. This makes it possible to obtain slightly higher values of pressures while the hydraulic impact compared 
to the case of the partial tank filling. 
In this regard, we took into consideration the waves propagation in a fully loaded cylindrical tank and the compressibility 
of the liquid was in view. The pressure forces on the tank body evaluation can be obtained from the use of one-dimensional 
flow model. In this case the liquid motion is described by wave equation [3]: 
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here c – wave propagation velocity. 
The Laplace transform in time, taking into account the zero initial conditions, application to equation (1) leads to an 
ordinary differential equation 
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where s – parameter of the Laplace transform, 
U – liquid velocity image Yx. 
Taking into account the boundary conditions )()0( tfx =Y , )()( tflx =Y , where f(t) – tank velocity variation law, the 
solution of the differential equation (2) takes the form 
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Here F(s) – image of function f(t). 
Expanding the expression (3) in powers of e-(s / c) l, we obtain: 
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This image corresponds to the next original: 
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Functions in (4) are related with the given relations: 
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It is possible to find the law of liquid pressure change with the help of formulas in [4]: 
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Thus, this result shows that the liquid pressure in the tank body significantly depends on the law of the vehicle velocity 
change. If the impact velocity increases, the value of the forces acting on the reservoir will be greater. 
The presence of summations signs in liquid density terms points to the fact that the addition of direct and reflected waves 
can lead to a substantial increase in the strength of the hydrodynamic liquid pressure. 
The formulas for calculating the hydrodynamic pressure are characterized by only a pressure change. To find the total 
liquid pressure in the tank, the value found by the formula provided, must emerge from the hydrostatic pressure. 
3. Development of the tank finite element model with a partition  
As a basis for creating a geometric model of the tank reservoir the body drawing producing currently Grodno Mechanical 
Plant tank with volume of 12 m3 was taken. 
On the basis of the drawing the geometric model of the reservoir was created in ANSYS. The design scheme included a 
block of two compartments, the length of each part was 1.5 m. Then inside three types of barriers were placed into the 
compartment. To perform a test computation it was assumed that the partition is a plate of 4 mm thickness without 
protrusions (Fig. 1). 
Fig. 1 The tank with the partition of the plate form  
The second geometric model was based on drawing of the partition, manufactured in the Grodno Mechanical Plant from 
the metal sheet of 4 mm thickness. A feature of this partition is the presence of corrugations that increase the depth of the 
baffle up to 10 cm This value is due to regulations imposed on the tanks construction. The final geometrical model is 
presented at Fig. 2. 
The disadvantages of this partition are the small corrugation radius of the curvature, which can lead to large stresses. So, 
it was decided to develop an additional partition model with a corrugated surface [5]. When this partition is viewed from the 
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end it has the shape of a sinusoid with an amplitude of 5 cm to ensure the requirements referred to above standard. The final 
model of the baffle is shown at Fig. 3. 
To create a finite element model the shell finite element SHELL291 has been used. It has eight nodes with six degrees of 
freedom at each node, and supports the option of large deformations. The steel was used as the material. It has a modulus of 
elasticity 2Â1011 Pa and Poisson's ratio of 0.3. While creating a finite element mesh the shape of partitions was taken into 
account and in places with small radius of curvature the grid was made more concentrated. Thus, the total number of elements 
in a model with a plain baffle was about 2500, the model constructed on the basis of the plant drawing – 50,000 finite elements, 
a model with a wavy partition consisted of 3300 elements. A large number of model elements on the factory is caused by the 
presence of small rounding radius (4 mm), in which one needs to create a very fine grid to obtain a solution with acceptable 
accuracy. 
Fig. 2 The tank reservoir model, currently manufactured in the GMP  
Fig. 3 The model of a wavy baffle 
As the force factors acting on the tank, the pressure application from the liquid was used. It was determined by the 
method described in paragraph 1. The boundary conditions were related to two generators fixing of the tank in to the joints 
of the tank and subframe. 
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4. Some calculation results 
As a result, the values of stresses occurring during braking the tank with an initial speed of 15 m/s with an acceleration 
corresponding to the given coefficient of friction of 0.8 have been obtained. 
Fig. 4 shows the scheme of stresses distribution in the partition and tank body for the case of a plain baffle. The same 
colors correspond to the same stresses. From this diagram one see that the maximum stresses occur at the top and bottom of 
the tank, where the wall interfaces with a shell. 
Calculation carried out for the partition, made by factory drawings, demonstrated the stresses pattern change (Fig. 5). 
Now, its maximum is observed at the bottom of the concave (with respect to liquid) corrugations. Moreover, the maximum 
stress decreased about 2 times. Besides, the baffle maximum deformation, which takes place in her center, decreased 
approximately 4 times compared with a plain partition. 
(a)  (b)
Fig. 4 The scheme of stresses distribution in the (a) partition and (b) tank shell for the case of a plain patrition 
(a)   (b) 
Fig. 5 The scheme of stresses distribution in the (a) partition and (b) tank shell for the case of using baffle currently produced at GMP  
The calculation results for the proposed wavy partition of 3 mm thick (1 mm thinner than the existing one) have shown 
that the maximum stress is observed in the center of this baffle and its value is 4 times smaller than for the existing 
partitions (Fig. 6). Also, the deformation of the wavy wall is twice lower than the existing partition. 
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(a)   (b) 
Fig. 6 The scheme of stresses distribution in the (a) partition and (b) tank reservoir with a wavy partition 
5. Conclusions 
1. The calculations results show that the use of existing relevant corrugated baffle in comparison with the plain one leads 
to the reduction of the equivalent stress maximum in tank body in 2 times and deformations maximum in 4 times. However, 
the stresses in the most loaded part of the reservoir is more than in 2 times exceed the yield material strength, that can lead 
to material fatigue and cracks taking into account the dynamic loads. 
2. Replacement of the existing partition on the waved baffle, with the smaller thickness of 25%, leads to the reduction of 
the maximal stresses in 4 times and deformations in 2 times in comparison with the existing corrugated partition. Besides, 
there is a decrease of the partition mass, which leads to the tank design steel intensity decrease. 
3. If it is necessary to find the optimum sizes of wavy baffle it is required to implement revised calculations, more 
accurately taking into account-the properties of the tank fixing to the vehicle's chassis. 
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